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We, BnrriSH TtxAN PRODUCTS Company 
ijMJIffip, a BxXtlfih Company of Billin^tLam^ 
Covaity I>iiEham, England do h^K^by dedaje 
che inycntionj for vriiicih pray tJaac a patent 
may be granted to and the niGSthod by 
which k is to b& pecfiomied. to b& particuUtrly 
described in and by ibfi foUowinf; state- 
rqetJt; — 

Tlie present iaventioii relates to a process 
for the productiaii of metal oxtdea by the oxi- 
dation, in tbt vapour phase, of a metal haJzdc. 

A prrferrpd mccal oxids is trtanium dioxide. 
The oxidatiaii of a ticanium teirahalid^ fox 
eKaoipIe titapiiim DetiechZoridej in a hot fluld- 
isad bed of inert pardcles to produce pigmen- 
tary titamum dioxide is known and has been 
described 9sxd claimed^ for example, ia Brittdh 
Patent No. 761,770. 

It » aooaettsies desirable to pnidQce by audi 
a process vexy email laetal oxide partides, for 
example titanium dioxide particles v^cb are 
of a smaller weight median crystal size than 
is usually conaid^ed to be the optimitju size 
for pJgmeznsizy titanfum diosdde. Thaa, it may 
be desirable to produce particles of titaoioxoa 
dioside ha^n^ a freight median crystal dze 
in the range of about 0,05 to 0^ microns, 
particularly about O-X to 0,19 microns. Parti- 
des in tliese soe zan^ are of value, for exam- 
ple in the process described and daimed in 
our Specification No. 991,318 whex^n it is be- 
licVTcd that sndi partides undergo growth to 
optimum pigmentary size wliezi they are 
preae nt dsxans the ozidaxloa of more titanium 
tetrahafide to titamnm dioxide under the con^ 
ditioiss specified in No. 991318. 

It is an object of the present in\^iioQ to 
provide a process for the produaion of metal 
ondde partides, panicuiariy -rfmin^y^^ dunide 
particJes^ of controlled paitidc size. 

Accordin^y> the pri^ent invention is a pro- 
cess for the producrion of metal oxide (as 
hcxcinafccr defined) compcising inirodudng 
streams of metal hsJidc vaponr (as hercanafitEa! 



defined) and an oxidising gas (as heremafter 
defined) separately and npwardly thnmgh t2ie 
base of a rtactor inm a fluidised bed at oxida- 
tion reaction temperature cQntained in the 
reactor, there bdiig at least ooe metal halide 
rapour stzeam and at least one oxidisfxig saa 
stream xhe direcdons of whose paths as tfey 
enter the bed intersect in the bed if projected 
so as to include an angle not greater -rfna-r^ 90®, 
and whoBB velocities as th^ enter the bed are 
sndi the two ctreams impinge upon each odicc 
witlnn the bed. The angle formed by the inter- 
section of said directions mscy be less than 
45**. • 

The tetai ^'metal oxide" means a normal 
metsl oxide or sih'ca. The pi^etred metal ox- 
ide is titaniuoi dioxide hxtt arconia, aluroma 
and ferric oxide may also be produced by the 
oxidation of the corresponding metal haiide. 

The tettn "metal haUde" means the chloT-* 
idea iodide or bromide, and it docs not indnde 
the fluoride. Tlie chloride is preferred. In ibc 
case of titanium the metal halides are normally 
the tettachlotidB, tetraiodidc and tEtrabromide 
ands of these^ the retracfaloride ia pz^crred. 

The .term "oxidisizig gas" means any gas 
whidi will oaadise the metal balide to the me- 
tal oxide and whidi does not have an adverse 
effect npon the xeacdon or the reaction prod- 
ucts. Sxatnples of possible oxidisisfi; gasca are 
oxygen ana free oxyges^<ontaimng mixtures of 
Bascfi, and oxygeu'^Mntaining compounds sndi 
aa vratcr, h ydrog en peroxide or osddcs of nit- 
Toepn. The profetfea oxidising gas is oxygen, 
which may be in admixture with a gas substan- 
tially inert to the reaction, as in the case of 
air. 

The partides whidi constitute the fiuidised 
bed m^y be of any material of soimble particle 
Gi2e whidi does not adversely aSect the oxida- 
tion of the titanimn tetrahalide. A preferred 
partido dzc ia one in the range 50 to 2000 
microns, particularly one in the ran^ 100 to 
1000 nmnms, Matciials such as «=w^j ali»- 
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Trtfnaj ^ircoiua, a iuii i Band) tftaodmin dioxide 

pr xnxxnzres liiereof have faeea found suitable. 
/The bodhis-nonnflUy ynHitrtainerf in a flnl- 

dised sc^e'by* paasang- the leaciants into the 
S bed at a suitable £Low'rdt& but, if desired, other 

EpisBs may also be introduced to assist fiuidisa- 
• tion, for example an ineit gas such &s nhrogta 

wben the osddi^n^ ^ is air. The presence 

of sndi a gas may, however^ dihzte the balogctl 
J.0 fanned during the reaction and complicate ite 

lecoTciyp 

The tenapemuxcs of the bed shonid pzefeE^ 
ably be such, as to ensure rapid reaction bo 
tween the metal ^qlii^g and the ozidishi^ gse^ 

15 in the case of tir«iwm tctrahalide, the fluidised 
bed should be naaintained at a temperature in 
the range of about 800* to 1400^0, prcficr-^ 
ably 900° to 130D<»C. 

If the aze of the floidlScd bed or the amount 

2,0 of reactants reacting in the bed is insufficient 
to maintain the desired tenipecaiures in the 
bed, it may be ncocssaiy to sappty heat to 
the bed finom as ezsexoal Gonrc^ for PMinpii* 
by burnings a fuel gos (such as caAon monoz:— 

25 ide or a gaseous hydrocarbon sudb a$ propane) 
in the bed or by p"9i *'yt iiig one or both of 
the reaccanta before mtroduciijifr them into the 
bed. 

The oxidismg gas is pze&rably iatrodtided 
30 in a scoiduozoetric excess Tvith regard to tiie 
halide. If & fu^ gaa i$ to be bumcd in the 
bed to* Tnflimr^i ni thgr f^Bsirivf tempecature^ then 
sufficieat oxidTs ing gas, partiadax^ osygen or 
ait) must be introduced to bum the fuel as 
35 well ae to oxidise the hnlidpt. 

Each leactaot is preferably introduced into 
the bed ihroi^ a number of.ial^ in the base 
of the reactor. 

- De£irably> the reactants are so sillied to 

40 the iolecs and xhe latter axe so can^mictcd that 
the reactants are evenly distrflrated in the bed 
through the appropriate inlets. In order to as- 
sist In achieving this, it is umfieExed that the 
pressure drop across each inict is at least haU^ 

45 particulatly from 1 to 4 times> that across the 
bed when fluidised. One way of obtaining the 
dcs&'ed pressure drop is the provisioin of 
orifice of restricted and aecunteHy comrnHed 
cross section in the inlftt 

50 The velocity of the zeactgnts issuing from 
the inlets must be sufficient to cnsime that the 
streams of halida and oxidising gas which are 
directed towards each other wm isxphiset^an 
eadi other before being sixbstantially dissipated 

55 \vichia the fluidised bed. This rcqmrcd velocity 
will depend upon tic distance yMch the xeac- 
tant tsavcl ih^Gogh the bed before sn~ 

pinging Tip on each other and this, in *nmi, will 
depend upon the horizontal lEstance between 

60 the streams which are to imphisR on each 
OtheTj at the mnment they ptttrt the bed, and 
npon tKc nnglft from the horizontal at wMch 
tbcse screams are direcsed wii3mi the bed. 
It is also prefored thst pppooDg inlets for 

^ the halide and the taddisSxig gas arc fio posi- 



tinned and f ozmed that the distance traversed 
by the zeactant streams within the bed before 
they impisge npoa each oths is sufficient to 
allow the reactants t30 be heated to reaction 
temperature, for example to a temperatmc of 70 
at least SOO^C. 

Horizontal distances between the streams 
which are to impmgc on cACh other^ at the 
t ru j. m e nt they enter the bed, from aboxrt ^ 
inch "CO about 6 .fnrfies have been found Gon-> 75 
venieot in commercial scale reac£OT«> ^tacticu- 
larly distances from about one to three mches. 

The shape and posiiion of the inlets azc 
preferably such that at least one of the xeactant 
streams is introdnccd with mi "upward inclina- 80 
tion which is up to 80° &om the horizontal, 
prcferabiy not more than 70^, particularly not 
more than 60^. 

Generally, the velocity at which the reac- 
tants issue &am the inlets should desirably be 85 
at least 5 feet/sccond and preferably at least 
15 feet/second^ 

It is not necessary in the process of the 
present invention that Inlets for the introduc- 
tion nf both learmnta inu> tSic fiuidissd bed 90 
should be inclined from the verricfll. For cx- 
amplei, one reaccant n^y be introduced through 
a vertically directed inlet and the other reac- 
tant throngh an inlet inclined from ^e vertical 
in such a manner that the rcactant scteams im- <>5 
pm^ upon one another in the bed, Xnleta in- 
clined &om the vertical may be provided by 
an angled duct. 

If destrcdj the inlets may be grouped so that 
two or more inclined inlets direct streams of 100 
one reactant into a dn^ stream of the other 
r rnrtant wfaxch may be intxodaced tfaroue^ an 
inlet in the form of a yectiool passage in the 
base of the reactor. 

The inlets should genially be so positianed 105 
and fanned that the stzeams of zcactants do 
not mix and zeact upon tha interior sorfooe 
of the reactor before impinging upon eadb 
other within the bed, otbe:rwite 
dqpoair of coarse titanium dioxide may be 110 
formed on the reactor wall and the advantages 
of the present mventtcm dfmTniRTwH aTwf los^ 

Tixe Inlets in, the base of the xcactisr may 
be formed integrally with the base of the reac-^ 
tor, for c^cample as aisled ducts within the 115 
base which axe bent cowards the openings of 
ad|acettt Tnlprg at gjx appropriate angle. 

Altematzvcly» thc7 may be Auuied from 
tubes hsring aOscd ends and perforated walls, 
tiie perforations being ar an approprbte angle 120 
to (Hrcct the streams c£ xeactants toward ea^ 
other but this is not a preferred method of 
cazrying out the present frrveotUm- 

The present process may be carded out m 
the presence of other additions to the ftuidieed 125 
bed. :]^cample3^ of such addhives when "die mt" 
tal oxide is tcmuum dioxide axe alnmnuum 
hnUrtpg such as alnxoiimnn trjchlorid^ silxcon 
hnlirip^ such as silicon tetradhlorid^ wpxer va- 
poor or a hydrogen-nnntafnfng gas which is 1^0' 
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converted to water within the bed, zucouium 
halidea such as 2ircomum tenrachloride lower 
cfaloxides of titanium such as titanhim triha- 
lidcj a $ovtrcc of an alkaH metal sach as pata&- 
5 smnij rnbidhini or caeshim^ particiilarly i3ojt 
former (as rlafmrrf in our Pitcnt Specificatioa 
No- 928^S78) and/or thorium (as daimed in 
cmr Spacificanon No, 1,034432). 
^ It has b&ea foond that iftanicim dtmrfr^ft par- 
10 tides can be prodxiced by tha process of the 
present invention, having a vcight median 
cayscel Size below xhar normally oosaideied to 
be optimum for pigmentary titanium dioxide. 
For czaiuplei it is genera^ considxsEed ^^q* 
15 liie opLiiiiLim weight mn^f an ctyctEll size of nfy- 
menraiy riraTtfmn dimdde for use m paints as 
abotit 0^ micron (thcra^ smalkr partide size 
material may be dedrable for special applica- 
tion, for example in floor tSea and the like). 
20 By means of the p ^- ^gwit- io^cndan, paitidcs 
having a wei^t median ccystal ^ize below 
about 0^ micfon, pscdciilarly beW 0.20 mi- 
cron, maybe pxoducTcd aa desired. 

The hot gases Reaving the bed, oonBisdng 
25 mainly ol the halogen dedvcd from tihe halide 
and possibly excess of one of the reactants, 
and croncaimng parcicJes of oxide formed in 
the bed are particulflrly suitable for supplying 
to a reaction zone re.£. an iqiper zone in the 
30 reactor used fox the present pcoc&ss) mahl- 
tained at a tcmperainre of at lea^ abotit 
eOOfQ preferably at least 800«Q meo vrhich 
additional amouoR of a metal haHde such as 
trtanixim tetrachloride and/or an oxidising gas 
37 are introduced as described m out Patent 
Specification No. 991^318, which ^^lai'mg a pro- 
cess fox the production of a finely-divided me- 
tal oxide comprising passing into a reaction 
ztme a Stream of hot gas containing initial aolid 
40 particles of smaller ayecage particle eize than 
riiat of the metal oocide to be pradnced j intro- 
dncing into the reacnon feone a metal halzde 
and an oacyRcnating: gas, at least one of these 
icactanxs being introduced through a phxrality 
45 of inlets spaced along the length of the zone 
in the direction off the gas flowj the tempera- 
ture of the gas stream in the reaction snme 
being such that the haljde and oxygenating gas 
will rcHct tD form metal oxide; and tjbereafter 
50 recovering finely-divided metal oxide from -tihe 
reaction £one. By this means pigmentary riten- 
mm dioxide of higji tinting strength and very 
tuiKfbrm particlB size may be obtained. 
The drawings accompanying the provisional 
55 specification (Figure 1 and Figora 2[) and "die 
present aprrifrrntion ^iguie 3 an*1 Figure 4) 
ittmtratc the present inv^ttoni 

Figure 1 a plan view of t&e base portion 
of a shaft fiunace reactor j 
60 ^ Figure 2 is a section of the base along the 
line AA of Figure 1. 

Figure 3 is a plan Tiervr of the base portion 
of another r^jictnr. 
FiLgurc 4 is a section of the base ^Jim^ tiie 
ffl line BB of Figofe 3. 



In the apparatoa shown in JFIgOits 1 and 
2, a base plate 1 of refractory material is sup- 
ported on a cqetal plate 2, Jmrnediatdy be- 
neath tiie metal plate 2 is a wind box 3 having 
an inlet pipe 4 for adnussion of one of the 70 
reacrams. A second wind box 5 diaped like 
a poiyganal amiolns is contained within the 
first wind box 3 and is sealed thcre&om. The 
wind hcac 5 is provided with an inlet pipe 6 
for admissiDn of tite other zeacmit. Inlet pas- 75 
sages 7 and 8, formed as nj^P^ dticts, pas8« 
throu^ the base plate 1 allowing the wind 
boxes 3 and 5 to commnnicaic widi the spac% 
above the base plate 1. Inlet passages 7 com- 
municate with the wind box 3 and inlet pas^ 80 
sages 8 communicate with the wind box 5. 
Eadb inlet passage 7 has its ypgled portion 
inclined from the vertical towards a cotre- 
spondingly inclined angled pardon of an 
passage 8. Restricting Orifices 9 and 10 arc 85 
located at the bottom of inlet passages 7 and 
8 respectively;, to cnrnrol the flow of the reac- 
tants from the wind boxes 3 and 5 inro 
inlet passages 7 and 8. The inlet passage 7 
and $ have outlets 11 and 12, reqciectivdy. 90 

In a Specific construction of the apparatcs 
shown in Figures 1 and 2, a sonrce of oxygen 
was connected to inlet pipe 4 and a source 
of ^eous tftanium tetracjbilotide to inlet pape 
<y, Bestrlcijbg orifices 9 and 10 had diameters 93 
0.166 inch and 0.213 inda^ respectively. The 
distance between adjacent corresponding inlet 
passages 7 and 8 was about 4^ inches, and 
the angle formed by the projected axes of the 
angled portions of sudb ccnrespondhig inlet 100 
passBj^ 7 and 8 was about 40°. The horiron- 
tal distance between the outiecs 11 and 1% of 
the corresponding inlet passages 7 and 8 was 
about 2i inchea. The diamemr of each mlet 
passage 7 and 9 was about 0/4- inch. The base 10^ 
phite 1 was 14 inches deep. 

In the apT>aratus shown in Figures 3 and 
4* a base plate 31 of refractory material is 
suDportcd on a metal plate 32. Immediately 
below the metal plate 32 is a wind box 33 110 
having an hilct pipe 34 for adm^^siisn of one 
of the reactants. A second wind box 35, sealed 
from the wind box 33, has an inlet pipe 3<S 
for admission of the other reactant. Inlet pas- 

37 and 38 pass tfazofuirh the base plate 115 
31 aUowxQg the wind boxes 33 and 35 to com- 
municaie with rfic space along the base plate 
31. Inlet passages 37 communicate with the 
wind box 33 azul inlet passages 38 comminu^ 
cane wttfa the wind hos^ 35. f^tgf passages 37 120 
are formed as straight ducts, while inlet pa^ 
sages 38 dxc formed as angtwl ducts. ^Restzicc- 
iag orifices 39 and 40 are located at the bottom 
o f in let passages 37 and 3S reEpectivdy> to 
control the flow of the reactants feom the wind 125 
boxes 33 and 35 into iix^ znlet passages 37 
and 38, The inlet passages 37 """^^ 38 have 
outlets 41 and 42, respectively. 

In a specific ixuisLzuction of the ^paratus 
shown in FSgiues 3 find 4i a aoxBce of gaseoos 130 
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tfftinT^iai tetracbliaridc was connficced to inlet 
pip& 34 and* a. coyzse pf ^gaseous asygcD to 
Met pijae 35. Tbe x tgiU i tiiijg oxificra 3^ and 
40 had diameters of 9/S2 inch, and 11/64 

5 jnnh.^ lespectively- Xhe "Tigl^ formed hy thft 
projecxod- fixes of tbe' vpper pmrffms c£ &dfa- 
ceot Inlet passages 37 ssd 3S was abmzt 26^ 
(measDred sixoTim in Figure 4). Tbe hunzon^ 
tal .dinctmice between ad|aceDt cstndie£3 31 and. 

10 32 waB nbout jTrrJ^f^ TEuc imt^ diaBaeter 
- of each inlet paiesages '37 vras 13 miDimetzes^ 
while tiiat of eac^ iiikt pasa^ 3B was 10 
znillnneaes. The plate 31 vas 10 xnches 
deep. 

15 Xh& invendoii is iilustrated by tise ioUcmiz^ 

Esamplefr: 

EZ4WM« 1 
llie reactor (a 3 mdi dfamftpr dlka ti±e 
4S xndhes laAg)j bad' a bass plate^ and had 
2Si tmo mSlcsL tubes 3 moiL in' f?«otYtf*'^ projcctms 
iaco the rcaasDE I inch above the base piste. 
31ie zeactor was sec up in ail dcctzic furnace. 

' ■Hic 'fiimacc was switched on and when the 
jteactCff Tcacfand a' tempexHture of liO0*^Q 
25 oxygen was si^iplied to one silica tube in The 
base 4&f the reactor at 18. litces/jmimte and 
nitragen to the other at 12 Jitrcs/mfnnte. 

Sviffieiciit dtamntn dioarfdc particles of size 
xange 21D and 35D ixdaxm wcze tiien poured 
3^ jnto the xeacCw to fomi a. static bed '6 in^es 



fn height. This censed the reactor to cool 
somewhat. 

When the leactor had regained a tempera- 
ture of ia20**Q the supply of jiijiogen was 
stopped and titanmm tetrachlodde was 5up- ' 
plied to one siHca tube at a rate eq^ivaloot 
to 55 xnl of liqind T i jH iii imi tetrachtaiido per 
TfifTiniBj and cnrgen. was supplied to the other 
stiica mbe ot a rate of 18 litTEa/znxznxtc The 
'ttt'ftoiTTfrt tetx'achloiide contain feci sufficient siK- 
Gon tetTflchlnride to provide 0.25% of silicsij 
by wdght of the Titannnn dio^dc tiseoretically 
fo r me d y and the oxygea couTainfd sofficiezit 
aXmninxum ixichlondei Taponr n> provide 3% 
of aluminds by weight of the titaninm dimr?di» 
theoretically fomied. 

The tempenttufle of the bed lose to 1050^ 
aTifi this Temperature was maintained dmiag 
the.reaciion. 

The process desciibed above was CSfxicd Out 



a.-PaiaUeI .-VEcdtal silzca tubes^ the orifices 
of which were 1% inches apart (this was not 
adcordin^ 10 tbe present invention). 

Tj. Silica tubes directed towards each other 
^ an angle of 4S^ from the horizontal and 
lia:oxa^ their ac£Soes 1%. inches apart. 

The rcsnlts ohtamed fcom "the- aibcve ezpcxi- 
ments axe fthnwn m the 'following table. 



35 



4D 



50 



55 







^Tetght Mediaa 






Crystal Size 


Ormtcnt 


fiO 


a. 


0.24 Tn^irroTIS 


97.9% 






0.23 miccnns 


98.8% 



. JBeamtlb 2 
"Tins. Tcacmt coxzipzised a. ]b«se pottzoa stcai- 
iat to tbat shown- in Figures 1* and 2 and hair- 
£ng the specific constructipn desmhed above. 
AS The ceactpr cojrtamed. a bed of ntamnm diox- 
. idc partKJes m ftft ^e range 300 to 350 tid- 
craos. The_ dianLeter of bed ^0^6 about 24 
sK^xcs. The bed, whan fltndfKjed, had a be^ghr 
of about 3Z inches above tbe top of the base 
7J5 plate 1. 

The rector was provided with means for 
itf^rtijig pscBUsed titanhim tRfTRrhloeidis and 
oxygen^ if destted^ into the reactor at ftiur 
levels above 'the_tt^ of the flqi'dised be^ tbe 
75 lowest of fhcs'e levels being about S6 inches 
•above t£c top of the flnlriimft bed and the 
other icTals behs^ 'sacces^TBiy IC ,hisSiss 
hi^hei^ so tbsk the Hgh^ Jerd was about 56 
inches above tbe tojp of the flozdlsed bedi 
BO The bed and the leactnr walls were prebest- 
ed tp fl]>oye 12dO°C before i^e start of the 
loess by Trftans of a gas polar. Tben titsn- 
tcfirachlciride." aiid OKygen, pidieated fo 



abont 200^0, were rmrodoced firm the bed, 
the former at & rare of filK molcs per hour fi5 
throiig;h fnlet p^ wind box 5 and inlet 
passage Sy and the Jatcer at a rate cf 9lb. moles 
per hour through inlet pipe 4^ wind box 3 and 
Inlet passage 7v Snfficnrnr ahimininm tEichIor<- 
ide was introduced into the bed in the oxygen 90 
stuefun to f oocm 2.4% of altanina, by xveight 
of the ticaninm ^i<yfit5f focmed in the bed. 

Throughout the process propane was also in- 
troduced into the bed through a separate inlet 
at abont a thin! of the hci^t of the bed ao;^ 95 
burnt (o as to Tnafntain the tempetatme within 
tbe range lOOO to llOO^C. 

The product leaving the top of the flnidised 
bed coni!9sced of -t^rthrm d(Q3dde parddcs in 
the rutUe focm^ these particles having a weight 100 
median cxystal si2£ of aboot 0.20 micran. 

Premiyrd titanmm t^iadiloixde ^^^f^ oxygen 
piehcflted. to about 200^ C wcic then intro- 
duced above the fluidiscd bed at tlte fourlcv^ 
xnentianed above. This pedjiCtttBd ii h*i i w * oqo- 105 
tamed snfiBcieM silioan letzadiloride to fonn 
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0 J% of silica, hy weight of the tztaniiinL diox- 
ide produced shavt the bed. 

TCija iujal product condsted &f yety wiform 
pigmentary cicaoiikm dioxide particleB 

9 S»2% odf ittxHc and havm^ a wejlght me- 
dian czyatal size of DwS5 nxicrom. Xiw nnting 
Sdcngtii of tbe produci was dbont 1780 cn the 
Reynolds scale. 

IBeample 3 

10 Hie zeactor comprised a base ponian simi- 
lar xo tbat shoTm in Figures 3 and 4 and hav" 
bag the specific ccmstnictzaa descdbcd abore. 
-Tbe reacior contained a bed of titanium dies:- 
xde partidcfl in the azc r&nge 300 to 350 nai-- 

25 cnnui. Tlic bed, wbea flaidised^ liad a hcigiit 
of abont 33 inches above the top of the base 
plate 

The reactor was provided with means for 
injecting psenuxed titanixim tetrachloride and 

20 oxygm> if desired. Into the reactor at f om- 
lerafi above the top of the ^uidised bod, the 
lowest of these levels bemg about 27 inches 
above the tO|> of the fluidised bed and the 
other levels bdng successfully 10 inches higher. 

25 so iliat dte higheet Ic^ waa about 63 inches 
above the top €if the £uidised bed. 

The bed and the reactor walls were preheat- 
ed to about 1200<*C bcfbre the start of the 
process by meene of a gas poker. T^onhim 

SO tetracfalacide and oxygen ]^rc^cated to about 
160°Cj wexe introduced m&O the bcdj the 
former at a rate of Slhs^ tyfrute through 
inlet pipe 34, wind box 35 and inlet paesage 
37^ and the latter at n rate gf Z2J E.ci.in. 

35 through znkt Pipe 36 wind box 35 and jnler 
passage 38, Nine lbs per hour of ahnninium 
ddoride were intcodtaccd with the oxygen. 

Propane was introduced into tbe bed as in 
Example 2 and burnt so as lo maintain liie 

40 tei^eratutc ac X150°C 

'Ine product leaving the top of the £la2d2zed 
bed was titanium dioxide with a zutile conte n t 
over 98% and a weight medioiL ccyscol size 
of 0S9 xnicron. 

45 Premind titanium tetcachZoxidc amd ujiygcu . 
were then Intmdnced above the bed at the font 
Icvids mentioned above. Th» titaiunm trees- 
chloride was preheated to 250°C and the oacy. 
gen was preheated to 140^C. The premutare 

50 contained sufficient sxiicon temcbloride to 
fotm 03% of silzca by weight of the titanium 
dioxide foirmed above the bed. 

The final product consisced of very uniiorm 
titanium dioxide particles having a wtn^ht mc- 

55 dian cxySEal fiz£e of 0.24 micron and containing 
at least 98% of ludlc The tinting streagtb 
of the pxoduet waB 1800 on the R^^lds scale. 

Afi a contrast to die above exanrplcj the pro- 
cess was repeated with the riraniTim te»achlor- 

eO ide and oscygen inlet passages through the beds 
arranged as before csctpt th^ th^ were all 
pecpezidicular throughout their lengths so that 
the streams of the two reactftnts entered the 
bed in parajld direcdons. The titattmni diox- 

6$ ide paxncieE leaving the top of the bod liad 



a weight ntsdian ccyatal size of 0^6 microns 
and the final product had a wdgbt median 
crystal size of about 03 micron. 

WHAT WE CLAIM IS: — 

1. A process for the production of metal 70 
oxide (as hereixibefofe defined) comprising in- 
trodudug streams of metal halide -vapour fas 
hereinbefore define^ and axidising gas ^as 
hereinbefore defineiQ separately and upwardly 
through the base of a reactor into a fiuzdieed 75 
bed fit Qixidflfimi rcactiain texnpecatnre cofk- 
metal hafi^e vapour stream and at least (me 
metal halide vapour stream and at leasst oite 
oiddising gas stream the direcdons of whose 
paths as tiisy enter the bed intersect in the BO 
bed if projected so as to tntdude an azigie not 
greater diiin 90% and whose velocities as they 
enter the bed are snch that the two streams 
impinge upon each other within the bed. 

2. A process according to Oaim 1 in winch 85 
the angle is less thzn 45^*. 

3. A process according to Qaim 1 oir 2 in 
whidi the distance travelled by the streams 
within .the bed before th^ impinge on each 
other 19 sufficient to allow -die Streams tn be 90 
heated by the bed to reaction temperatore. 

4. A process according to any of Claims 1 
to 3 in which the hutrizoutal distance between 
^ic streams which are to impinge an each other 

is> at the moment the streams cmer the bed^ 95 
from half an inch to six fnrhes. 

5. A process according to Claim 4 in which 
tbe Iiorizontal distance is from X to 3 inches. 

6. A process accordin$^ to an^ of Oaims 1 

to 5 in v^ch the upwml incbnation of one loo 
of the streams which are to impinge on each 
other is up TO 80^ fifom the horizontal, 

7. A process aceording to Qann 6 in whidi, 
the uprward indinaticm is i^ to 70^ itom the' 
honzontaL 1Q3 

8. A process according to Claim 6 in which 
the upward incdiEkartQut a up to 60*^ from die 
hozizontaL 

9. A process according to any of Clainis 1 . 

to 8 in which the inlets for the reactants into 110 
the bed are so grouped that two or more in- 
clxned inlets direct streams of one reactant so 
that these streams imj^inpie on a single stream 
of the other reactant withm the bed. 

10. A process accozding to azxy of Clahna 115 
1 to 9 in which ihe to^l oodde is titaninm 
dioxide and tbe metal halide is tftamum 

halfde. 

11. A process acGordine to Claim 10 in 
whidh the metal baSde is tttanimn tetiaiJilor- 120 
ide. 

12. A process according to Claim 10 or 11 
in which the metal oxide is ritBnimix ^limndr 
of w^gbt mediag crystal size less than 025 
micron, 125 

13. A prooera according to Claim 12 in 
^ninch the weight median, crystal size is lass 
than 020 micron. 

14. A process according to any of Qaims 
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1 ta 13 in. vluch the oxldismg gas is or com- 
pzises &ee oyzgerL 

15. A process aocorcfing to any of <^fait¥iR 
1 tD 14 in wiiich a TTn*tnl halide and/or an 
3 • ozidid}^ fias as/arc iatioduccd into Ihe hot 
ga$e$ Uavxng ihc- bed before the tanpexature 
of each hot gases has fallen bfJow 600°C, 
vrhadby metal oxide Is prodnccd fa -such hot 
gases, 

10 16. A process accordiz^ VQ daim 15 m. 
which the stated introductzon is effected hefoxe 
die scaled tempeisCure has fallen bdovr 
800*C. 

17. A process accocditig to f^qwi 1 for the 
15 prodncdon of titaQxani dioxide snbstantia0y as 

hereinhef ote described m any of the Examples. 

18. Utanium dioxide pactkles when 
duced by the process of any of Oahna 1 to 
17. 

20 19, Apparatus when used in. the piodccticm 
of Tncffa? mride by a process accordui^ to BBy 
of Claim ft 1 to 17, comprising* a reactor having 
a lower zone adepied to contain a £&idised 
hed and ,fixk upper zgnc^ tisete beis^ a base 

^ plate foL the lower ^oae tbroa^ which paBo 
Tipwardly at least one inlet for a. metal lial^ 
and one Irdet fat an acidising gas, tiic project-- 
ed longitudinal axes of ihesc mlete at their 
ends abore the base plate *'''*'^-T ^iinjx wUhm 

30 ^e lawec zone and 'incLoding an angle not 
gr^m^pT- than 90**. 

20. A|9!pBratua aocordiqg to daim 19 suc^ 
that the stated ang^e is less than 45*^. 

21* Apparartis according to Claim 19 or 20 



in which the inXBt^s) for one of the reactants 35 
is/axe a substantially vertical duct(s)k 

22. A^pamtds accoiduig to any of Ctaims 
19 to 21 in wMdi there are a ptax^xy of ndexs 
for at lease one of ^2e stated zeactancs and 
sndi that the projected Tongrrndfnal axes of 40 
xliCBc inlets intccscct the projecied longitudinal 
aadB of a sm^lc inlet for the other xeactant. 

23. .Appaxatus according to ez^ of dazms 
19 tD 22 indnding means in the -^pcr zone 

for the introdnctiQn of a metal halide and/or 45 
oxidising gas. 

24. Apparatus according to any of Claims 
19 TO 23 in which the projected Icm^ilXidinal 
axes of the mleca for at least one of tbe xeac- 
tants are indined from the hocizontal at an 50 
an^e of not more Than 50^. 

25. Apparatus according to Claim 24 in 
which the stated angle is not more than yC. 

25. Apparatus according xo Claim 2S in 
whu^ the stated an^c is not more than €0*^. 55 

27. Apparatus according to Claim 19 having 
a base substantially as hcrefnbgfore descnbed 
with reference lo Figures 1 and 2. 

284 Appflratu& sccordmg to Claim 19 having 
a base tenbsrantially aS hczcinbcfare desCxibed • 60 
refieresce CO Figures 3 and 4^ 

For the Applicants, 
CARPJVIAELS & KANSFOKD, 
Chartered Patent Agents, 
24, Sotrthampton BufldingBj 
Chancery Lane, London, W,C.2. 
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